Peripheral blood lymphocytes of normal children, children with viral infections, and children with congenital thymic disorders were examined by electron microscopy. Lymphoid cells were classified as small or medium lymphocytes, lymphoblasts, plasmablasts, or plasma cells by certain morphological criteria. Enumeration and classification of cells in normal children revealed that 73.4% were small lymphocytes and 26.6% were medium lymphocytes. No lymphoblasts, plasmablasts, or plasma cells were found in peripheral blood of normal children. In children with infections or congenital thymic disorders, small but significant numbers of lymphoblasts, plasmablasts, and plasma cells were found. Medium lymphocytes were twice as numerous as small lymphocytes. In congenital thymic disorders, there was an absolute depletion of small lymphocytes, whereas medium lymphocytes and more immature forms were present in normal numbers in peripheral blood.
Introduction
Thymus disorders (TD) constitute a heterogeneous group of immunodeficiencies with variable degrees of lymphopenia and defective cellular immunity. Some of these diseases evolve with abnormal humoral immunity and immunoglobulin defects; other TD are associated with normal antibody production and immunoglobulin levels [7, 12, 23] .
The most severe type is combined immune deficiency (CID), of which an autosomal recessive and an X-linked recessive type have been described. In both, lymphopenia is usually severe, and cellular immunity, including the in vitro blastogenic response to mitogens, is absent; these patients also exhibit agammaglobulinemia [10, 14] .
A second type is the recently described congenital hypoplasia of the thymus (CHT), or DiGeorge's syndrome, with moderate lymphopenia, defective cellular immunity, and a poor in vitro blastogenic transformation to specific and nonspecific stimuli. These patients have normal immunoglobulin levels, and their humoral antibody production appears adequate. Such children invariably have defective parathyroid function, the first clinical manifestation of the disease being neonatal tetany due to hypocalcemia. The signs and symptoms of this syndrome have been attributed to abnormal embryogenesis of the 3rd and 4th pharyngeal pouches [6, 15] .
The most striking feature of TD is the absence of cellular immunity, a response which largely depends on the function of small lymphocytes [2] . It was thus of interest to compare the ultrastructure of lymphocytes from patients with these diseases with ultrastructure of lymphocytes of immunocompetent children. Because of their accessibility, circulating blood lymphocytes were chosen for study with an awareness of the limitation such a choice implies, since the different compartments of the lymphoid system, thoracic duct, lymphatics, blood, lymphoid organs, bone marrow, etc., cannot be considered structurally or functionally homogeneous [8, 9, 22] .
Materials and Methods

Thymus Disorders
This group included four patients, two with severe combined immune deficiency of the X-linked and autosomal recessive types (these patients were 9 and 10 months of age at the time of study) and two cases of DiGeorge's syndrome (CHT) (both 18 months of age at the time of study). The immunological status of these patients is summarized in Table I .
Control Groups
The first control group was comprised of four immunologically normal children, whose ages varied between 6 and 8 months, admitted for noninfectious problems to the Orthopedic or Ophthalmology Services at Children's Hospital Medical Center in Boston.
A second control group was comprised of six immunologically normal children, aged 6-21 months, admitted to the Pediatric Hospital, Centro Medico Nacional, I.M.S.S., in Mexico City for acute viral infections (Table II) .
From each child, 10 ml heparinized venous blood were obtained and centrifuged for 20 min at 1,500 rpm. The buffy coat and supernatant plasma were separated and recentrifuged to obtain a cell pellet which was fixed for 5 min in 2.5% phosphate-buffered glutaraldehyde (pH 7.4) and then trimmed to 1-mm blocks and fixed for another 60-90 min. Tissues were postfixed in 1% osmium-tetroxide, dehydrated, and embedded in Epon-812. Ultrathin sections (600-1000 A) were stained with uranylacetate and lead citrate, and examined in an electron microscope [28] . Lymphoid cells were photographed and classified according to characteristics shown in Table III . Cell morphology was evaluated according to recent electron microscopic studies of the lymphoid system [1, 3, 13, 17, 20, 27] . Examples of each cell type are shown in Figures 1-7 . Cells were classified as blood monocytes when they contained more than five dense, membrane-bound bodies per cell, and a large number of vesicles in the cytoplasm [4] . Such cells were not included in the final count.
Results
The number of cells photographed, the absolute numbers of each cell type, as well as the corresponding percentages for each patient, are shown in Table IV .
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In the children with TD, the pooled percentages of the five cell types were, respectively, 31.4, 57.1, 5.6, 5.6, and 0.3. The counts obtained for patients with severe CID were not significantly different from those found in patients with CHT, which permitted pooling of the two results. It is possible, however, that the analysis of a large number of patients will yield significant differences between them. When average percentages of each cell type in the three groups were compared statistically, the differences were highly significant for all cell types (P = 0.002) (Table IV) . It was considered necessary, however, to compare the absolute numbers of each cell type calculated by extrapolating the percentages observed in the electron microscope with the number of circulating lymphocytes at the time of sampling. These values are shown in Table V . The differences between total circulating lymphocytes were significant when the group with TD was compared with each control group (P = 0.01), whereas comparison of the two control groups yielded no significant difference. When absolute numbers of each cell type were compared in control groups, the decreased numbers of small lymphocytes in infected, as compared with normal controls, was found to be significant (P < 0.01). The difference in amount of medium lymphocytes was not significant, and it is evident that the presence of lymphoblasts, plasmablasts, and plasma cells in infected immunocompetent children must be considered significant, since they were not found in normal controls.
The comparison of absolute numbers of the five cell types in patients with TD and in normal controls patients with TD and normal controls, no significant difference was noted. Finally, comparison of absolute numbers of small lymphocytes in patients with TD and in infected controls did not yield a significant difference, probably due to the wide range of values yielded a highly significant (P = 0.001) decrease of small lymphocytes, and this was the main reason for lymphopenia in these patients. When absolute numbers of medium lymphocytes were compared between found in these controls (Table V) . A significantly lower number of medium lymphocytes, lymphoblasts, and plasmablasts was found in patients with TD when they were compared with infected controls (P -0.02, 0.01, and 0.02, respectively). The differences in plasma cells were not significant.
Control Groups
Out of 214 classified cells in the noninfected immunocompetent children, 73.4% were small lymphocytes and 26.6% medium lymphocytes. No other cell types were found in this group. The group of infected im- munocompetent children exhibited the five cell types included in Table III .
Discussion
Circulating lymphocytes do not constitute a morphologically or functionally homogeneous cell population.
Functionally, two populations have been described: one, thymus-dependent, with a long half-life and fundamentally involved in cellular immunity; and another, thymus-independent population, with a short half-life and apparently not related to these phenomena. [11] . Several physiological differences have been described for these two cell populations; thus, thymus-dependent lymphocytes, as estimated by their ability to respond to PHA in vitro, are more labile to hypotonic shock [25] . Antilymphocyte serum also selectively affects the thymus-dependent lymphoid population [3] . The two populations also differ in their cytoelectrophoretic mobility [24] , adherence to plastic surfaces [21] , and organ distribution ("homing") upon injection in syngeneic recipients [9] . Unfortunately, it has been impossible so far to identify these two populations with a typical morphology [1, 3, 13, 17, 20] .
In the present study, all cell types found in the blood of infected immunocompetent children were also found in the blood of patients with TD, and only the relative proportion of the cell types varied significantly. Thus, it was found that lymphopenia of TD was largely due to a decrease in the number of small lymphocytes. Although the percentage of medium lymphocytes was predominant in TD, their absolute numbers were not significantly different when compared with those found in normal controls, and were even significantly decreased when compared with those of infected controls. This may reflect arrested lymphoand/or blastogenesis in these patients since the medium lymphocyte does not seem to be an "end-cell" [26] . Large lymphoblasts and plasma cells were not found in the circulation of normal children, but were found in the blood of immunocompetent infected controls, as well as in patients with TD. Such cells have also been described in the course of viral infections, collagen diseases, and in certain tumors [5] , and they are thought to derive either from small lymphocyte blastogenic transformation to premitotic cells or as intermediate cells in the process of lymphogenesis [16] . The presence of these cells in TD suggests the existence of at least some degree of lympho-and/or blastogenic activity.
If they derive from blastogenic activity, then the chronic, predominantly viral infections these patients are known to sustain [12] may constitute the stimulus for this activity, notwithstanding the fact that viruses are considered poor blastogenic agents in vitro [19] . The fact that in vitro responses to PHA and antigenic stimulation are not altogether absent in lymphocytes from patients with TD seems to be in accordance with this. During the present study, only one child had a positive viral culture (adenovirus) prior to sampling, but all four showed unequivocal signs and symptoms of chronic infection.
Furthermore, it has been suggested that small lymphocytes are capable of responding to certain stimuli with an incomplete or "sterile" transformation which does not render them capable of immunological function [18] . The observation that patients with TD revealed lymphoid cell types compatible with blastogenic transformation, but lack the ultimate immunological functions associated with them, may be alternately explained in this context.
Finally, one has to be cautious in extrapolating purely morphological observations to functional aspects. It seems, though, that circulating lymphocytes in TD are undergoing some sort of reactive activity as judged by the presence of lymphoblasts, plasmablasts, and even plasma cells. Further studies are necessary to clarify these reactive potentialities.
The immunological defect in one patient, EM, was corrected by a thymic implant. Ultrastructural studies of his lymphocytes following this procedure revealed a distribution of cell types which was entirely normal.
Summary
Ultrastructural studies of peripheral blood lymphoid cells from infants with congenital hypoplasia of the thymus and severe combined immune deficiency disease revealed the presence of normal numbers of medium lymphocytes and the presence of immature forms (lymphoblasts, plasmablasts, and plasma cells). Such immature forms were not found in the blood of normal children but are present in age-matched controls with viral infections. Infants with congenital thymic disorders were found to have an absolute deficit in the number of small lymphocytes. Although the blood of the infected controls contained a preponderance of medium lymphocytes, there was no significant concomitant deficit in small lymphocytes.
The immunological defect in one infant with congenital hypoplasia of the thymus was corrected by an implant of fetal thymus. Subsequently, the distribution of lymphoid cells in his peripheral blood was the same as that observed in the normal controls.
